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ABSTRACT The purpose of this article is to document the metabolic and environmental
factors associated with the increased frequency of obesity in the developing nations. While the
prevalence of obesity in the developed countries is caused by the increased consumption of calorie-
dense foods, in the developing nations, because obesity coexists with undernutrition, additional
factors are necessary to account for it. The evidence suggests that an important contributing
factor for obesity in the developing nations is a reduced fat oxidation and increased metabolism of
carbohydrate that has been brought about by the chronic undernutrition experienced during
prenatal and postnatal growth. This shift toward a preferential metabolic use of carbohydrate
rather than of fat results in an increased deposition of body fat. This tendency, along with the
general decrease of energy expenditure in physical activity associated with urbanization, and the
culturally mediated acceptance of fatness leads to obesity among populations from the developing
nations. A joint effect of these factors is that in the developing nations obesity is associated with
short stature resulting from developmental undernutrition, while in the developed countries
obesity is associated with tall stature. It is hoped that future research will address the mechan-
isms whereby undernutrition increases the tendency toward obesity. Understanding how to
modify fat oxidation could affect our ability to prevent weight gain among undernourished
populations of the developing nations. Therefore, future research on the interaction of under-
nutrition and the development of obesity is of prime importance for anthropology concerned with
the origins of human variability. Am. J. Hum. Biol. 15:522–532, 2003. # 2003 Wiley-Liss, Inc.
Obesity in the developed nations has
become a major public health problem.
Likewise in developing nations obesity is
reaching epidemic proportions. Epidemi-
ological studies have attributed the high pre-
valence rates of obesity of developed nations
to the excess intake of dietary fat (Bray and
Popkin, 1998). Hence, it is assumed that
obesity in the developing nations is related
to the high proportion of energy derived
from dietary fat. However, comparisons of
both diets and the prevalence of obesity
between affluent and poor countries do not
support such an explanation. Furthermore,
in the developing nations obesity coexists
with malnutrition (ACC/SCN, 2000).
Therefore, the increasing prevalence of
obesity among populations of the developed
nations requires an additional explanation. I
postulate that an important factor contrib-
uting to obesity in the developing nations is
a reduced fat oxidation and increased metab-
olism of carbohydrate that has been
brought about by the chronic undernutrition
experienced during prenatal and postnatal
growth. This shift towards a preferential
metabolic use of carbohydrate rather than
of fat results in an increased deposition of
body fat and, along with the general decrease
in physical activity, leads to obesity among
populations from the developing nations.
EPIDEMIOLOGICAL EVIDENCE
Despite the fact that undernutrition con-
tinues to be a major problem for developing
nations, there is growing evidence that the
prevalence of overweight and obesity is
increasing in these populations. Many stu-
dies have documented the rapid increase in
overweight and obesity in childhood and
adults (WHO, 1998; Wang et al., 2002; Popkin
and Doak, 1998; de Onis and Blössner,
2000; Martorell et al., 2000). The prevalence
rates for overweight and obese women are
different in each region, with the Middle
East, Central, and Eastern Europe having
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higher prevalence rates (ACC/SCN, 2000).
For example, while the prevalence of excess
weight in women (body mass index
>30.00 kg/m2) in Egypt and Namibia is
quite low in Latin American the frequency
of excess weight reaches 10%. At this rate,
by the year 2010 the prevalence of excess
weight in these countries will approach
those of the USA. Several factors have been
implicated to account for the increased pre-
valence of weight in developing countries,
including: socioeconomic factors and change
in dietary habits and activity patterns,
previous exposure to undernutrition, and
cultural background.
SOCIOECONOMIC CHANGE: DIETARY
HABITS AND ACTIVITY PATTERNS
In general, and in all countries, the pre-
valence of overweight is greater in urban
than in rural areas (ACC/SCN, 2000). The
increased prevalence of overweight in
urban areas is probably related to the
changes in economic development. Among
some of the developing nations such as
Brazil and China there have been marked
shifts in the economies and in social welfare
(Wang et al., 2002; World Bank, 1999; China
National Bureau of Statistics, 1999; Mroz
and Popkin, 1995; FAO, 1998). Large pro-
portions of the populations of Brazil and
China have benefited from improved eco-
nomic and social conditions. Over the past
two decades, the per capita gross domestic
product has increased dramatically in Brazil
and China. As a consequence of their
improved economic status, these populations
have shifted toward a more secure food
supply and increased dietary intake derived
from nutrient-dense and energy-dense food
(Wang et al., 2002; World Bank, 1999; China
National Bureau of Statistics, 1999; Mroz
and Popkin, 1995; FAO, 1998). In addition,
the energy expenditure in travel from home
to place of work decreased markedly while
inactive leisure time increased dramatically
(World Bank, 1999; Popkin, 1998, 1999). For
example, ownership and use of television
sets has increased remarkably in Brazil and
China. Interestingly (Fig. 1), in the develop-
ing countries such as Brazil and China the
prevalence of overweight is greater in the
high-income rather than low-income groups,
while in the United States it is the opposite.
CHRONIC EXPOSURE TO
UNDERNUTRITION
Experimental studies with rats indicate
that male offspring of rats that were food-
restricted during the first 2 weeks of preg-
nancy and then allowed to eat freely (Jones
and Friedman, 1982; Jones et al., 1984; Jones
et al., 1986), became obese by 5 weeks of age
(Fig. 2). Studies of pigs who were growth-
retarded and protein-deficient during wean-
ing demonstrated that they became quite fat
Fig. 1. Relation between per capita household income and the prevalence of overweight (>2 Z score of weight-for-
height of international reference). Data from Wang et al., 2002.
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later in life (McCance and Widdowson, 1974).
Similar investigations in rats who were food-
restricted showed an elevated efficiency of
energy utilization and a preferential accumu-
lation of fat (Dulloo and Girardier, 1990).
Analyses of survivors of the Dutch famine
of World War II found that the Dutch army
draftees whose mothers had been deprived of
food in the first two trimesters of pregnancy
had a greater incidence of obesity than did
the general population (Ravelli et al., 1976).
These differences persisted when the sample
was divided by occupation. Supplementation
studies conducted on growth-retarded chil-
dren (with an average age of 9.0 years) from
Bundi, Papua New Guinea indicate that
protein and calorie supplementation for a
13-week period did not have a major effect
on growth in body length (Malcolm, 1970). In
contrast, supplementation did have a signifi-
cant effect on increasing subscapular skinfold
thickness (Malcolm, 1970). These data would
suggest that both protein and energy pro-
vided some extra energy, which was used
for fat deposition rather than growth. This
conclusion is supported by recent studies
conducted among Jamaican children. In these
studies, nutritional supplementation (calories
and protein) of growth-retarded children
(with an average age of 18.5 months) for
1 year did not have a major effect on growth
in length or mid-upper arm circumference
(Walker et al., 1991), but did have a signifi-
cant effect on increasing skinfold thickness.
Similarly, Spurr and colleagues research
showed the independent effects of caloric (on
body fat) and protein (on body cell and muscle
mass) repletion after severe undernutrition
(Spurr and Reina, 1988; Barac-Nieto et al.,
1979). Furthermore, Spurr (1990) demon-
strated the limited beneficial effects on daily
physical activities of nutritional supple-
mentation of chronically undernourished
compared to normal children.
In summary, the available evidence sug-
gests that among previously undernourished
individuals there is a tendency to increase
the accumulation of fat. As a result of this
tendency to accumulate body fat rather than
use the energy for linear growth, chronic
undernutrition coexists with overweight in
children previously undernourished popula-
tions. In Latin America, chronically under-
nourished children coexist with overweight
children (Fig. 3), which suggests that the
etiology of obesity is not due to only an
excess dietary intake, but probably is related
to activation of energy-sparing mechanisms.
ENERGY-SPARING MECHANISMS:
REDUCTION IN EE
The Minnesota experimental studies of
semistarvation showed that 6 months and 1
year of severe energy restriction in 32 lean
men led to a marked reduction in energy
Fig. 2. Changes in energy efficiency (defined as low energy expenditure per unit of work) following dietary
deprivation in rats. Data from Dulloo and Girardier, 1990.
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expenditure (EE). This was due to a reduc-
tion in both physical activity and in the rest-
ing metabolic rate (RMR), which decreased
not only in absolute terms (39%) but also
when expressed per kilogram of metabolic-
ally active tissue (16%). Analysis of subjects
who were refed after the starvation indicate
that weight regain was due to increased fat
accumulation (Keys et al., 1950; Grande
et al., 1958). Reanalysis of data from the
Minnesota experiment revealed that the
reduction in the sleeping resting metabolic
rate (SMR) in response to food deprivation is
related to the activation of an autoregulatory
feedback system in which signals from the
depleted fat stores suppress thermogenesis,
which results in decreased RMR and a
specific metabolic component favoring fat
storage (Keys et al., 1950; Dulloo et al.,
1997; Dulloo and Jacquet, 1998).
Investigations of nonobese cyclical dieters
(having dieted for 7–10 days four times/
year) indicate that cyclical dieters had a
significantly lower energy expenditure (per
unit of body weight) in treadmill exercise com-
pared to controls with a similar calorie intake
(Manore, 1991). In other words, nonobese
chronic dieters with similar lean body weights
(but more body fat) use less energy to perform
their daily activities than do nondieters
(Manore, 1991). Likewise, indi-viduals con-
fined inside Biosphere 2 (Weyer et al., 2000)
for 2 years with a markedly restricted food
supply during most of the time exhibited
marked weight loss and an increase in fat
mass when their body weight reverted to
preentry values (Weyer et al., 2000).
In summary, these findings suggest that
humans exposed to life-threatening under-
nutrition (such as after several months of semi-
starvation) and moderate energy restriction
that can be sustained over years adapt through
a reduction in EE and preferential accumula-
tion of body fat. This form of energy conserva-
tion is a biologically meaningful mechanism in
the face of dangerously and moderately low
energy supplies that has been referred to as
metabolic adaptation and ‘‘poststarvation
obesity’’ (Keys et al., 1950). In other words, in
the face of food energy deficits the organism
increases metabolic efficiency by suppressing
thermogenesis and hence reducing the rate at
which the body’s tissues are being depleted.
The survival value of such an energy-sparing
regulatory process that limits tissue depletion
during food scarcity is obvious (Jenike, 1996).
Furthermore, these findings indicate that
exposure to undernutrition even during adult-
hood accelerates the replenishment of fat
stores during refeeding and thereby increasing




The ratio of carbon dioxide production
to oxygen consumption, known as the
Fig. 3. Coexistence of undernutrition and overweight in Latin American children. Data from ACC/SCN, 2000.
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respiratory quotient (RQ), under steady
fasting and resting conditions indicates the
relative proportion of carbohydrate or fat that
is being metabolized. An RQ that is close to
1.0 is taken to indicate that the material
being used is chiefly carbohydrate—one
around 0.70 indicates that it is mainly fat,
while one around 0.80 would indicate that
the material being used is chiefly protein
(which occurs only under starvation). That
is, the higher the RQ, the higher the
metabolism of carbohydrate. Conversely,
the lower the RQ the higher the metabolism
of fat.
As illustrated in Figure 4, the respiratory
quotient is significantly higher in the nutri-
tionally stunted than in the control Brazilian
children. As a result of this difference, the
nutritionally stunted children under fasting
conditions (Table 1) derived about 25% of
the energy from the oxidation of fat, while
the nonstunted controls derived more than
34% (Hoffman et al., 2000). This finding
suggests that a reduced fat oxidation is
associated with a negative developmental
nutritional experience.
Studies of dietary composition indicate
that alterations in substrate oxidation are
important contributors to the development
of obesity (Flatt, 1987; Seidell et al., 1992;
Ravussin and Swinburn, 1993; Felber et al.,
1981; Schutz et al., 1992; Froidevaux et al.,
1992; Lean and James, 1988; Zurlo
et al., 1988; Rueda-Maza et al., 1996; Astrup
et al., 1994; Larson et al., 1995; Ravussin and
Smith, 2002). Longitudinal studies indicate
that a low oxidation of fat (high RQ) in the
fasting state is a significant predictor of sub-
stantial weight gain in nonobese white men
(Seidell et al., 1992). Studies in postobese
subjects indicate that reduced fat oxidation
is related to subsequent body weight gain
(Schutz et al., 1992; Froidevaux et al., 1992;
Lean and James, 1988). Similarly, subjects
failing to maintain body weight reduction
have lower fat oxidation than those suc-
ceeding in keeping their weight down
(Froidevaux et al., 1992). Likewise, obese
prepubertal children who were fed a mixed
carbohydrate diet had a significantly greater
oxidation of exogenous carbohydrate than
their lean counterparts (Rueda-Maza et al.,
1996). Evaluations of 24-hour RQ in Pima
Indians fed a weight maintenance diet
found that low fat oxidation was associated
with subsequent weight gain (Zurlo et al.,
1988). Furthermore, the low fat oxidation
was aggregated in families.
In summary, these findings suggest that
increased adiposity is related to a certain
extent to a preferential oxidation of carbo-
Fig. 4. Increased respiratory quotient associated with
stunting in children from Brazil. Adapted from: Hoffman
et al., 2000.
TABLE 1. Fasting respiratory quotient (RQ) and substrate oxidation






RQ 0.89  0.007 0.92  0.009*
Nonprotein RQ 0.90  0.009 0.94  0.009*
Carbohydrate oxidation
(% of energy expenditure)
66  2 75  2*
Fat oxidation
(% of energy expenditure)
34  2 25  2*
*P < 0.05.
1Adapted from Hoffman et al., 2000.
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hydrate rather than fat. Impaired fat oxidation
will tend to cause increased fat deposition
over time, since the oxidation of 1 g of fat is
equivalent to 9kcal, while 1g of carbo-
hydrate is equivalent to 4kcal. Experimental
studies indicate that when the amount of
dietary fat was increased, increasing the
level of physical activity to 1.8 times the
RMR accelerated the oxidation of fat, but
under sedentary conditions (1.4 times the
RMR) there was no change in the oxidation
of fat (Smith et al., 2000). Therefore, the
tendency to store fat will be enhanced in an
environment where activity is low. Since one
of the consequences of urbanization in the
developing nations has been a decrease
in physical activity, the reduction of fat
oxidation is probably also related to the low
level of physical activity that characterizes
populations in transition from rural to
urban environment.
UNCERTAINTY OF FOOD SUPPLY AND
BINGE EATING
Research on disorders of eating behavior
have found that undereating predisposes to
binge eating (Callaway, 1988) and that binge
eating correlates with adult weight gain and
obesity (Hays et al., 2002). In the Minnesota
starvation experiment (Keys et al., 1950;
Dulloo et al., 1997) after cessation of the
semistarvation regimen some of the subjects
exhibited a disproportionate increase in
appetite and gained 5% more weight than
before the experiment. Ethnographic obser-
vations of hunter-gatherers indicate uncer-
tainty of food supply is associated with binge
eating (Holmberg, 1950). For example,
among the nomads of eastern Bolivia,
whose supply of food was rarely abundant
and always insecure, when food becomes
available the hunters go on a binge and
gorge themselves, consuming during 24
hours as much as 30 pounds of peccary
meat (Holmberg, 1950). Likewise, once
large game is obtained, the Ache hunter-
gatherers from Paraguay will go on a binge
and gorge themselves to the extent that they
will lie down and go to sleep (Hurtado and
Hill, 1991; Hill and Hurtado, 1996). The
increased appetite or so-called ‘‘delayed
hunger’’ that is exhibited by many South
American impoverished individuals that are
exposed to positive conditions probably
represents a compensatory adaptation to
the possibility of uncertainty of food supply
that is likely to occur under conditions of
poverty (Dingemans et al., 2002).
In summary, the available experimental
and epidemiological evidence suggests that
exposure to undernutrition, especially
during development, induces the activation
of energy-conserving mechanisms and
improvement in the efficiency of energy util-
ization. Therefore, after exposure to dietary
restriction individuals are more likely to
become fatter than before. Recent studies
done in calorimetry chambers have found
that variability in nonexercise activity thermo-
genesis (NEAT) or ‘‘fidgeting’’ accounted
for nearly 10-fold differences in fat storage
that occurred among individuals (Levine
et al., 1999, 2000). However, the extent to
which variability in NEAT accounts for the
increased risk of obesity among previously
undernourished populations is not known
and awaits future research.
CULTURAL BACKGROUND
Since the Paleolithic age, as shown by the
so-called ‘‘Venus’’ figurines, humans have
preferred fatness. This is evident among
contemporary societies, in Renaissance
and classic art, and in the contemporary
vocabulary. Ethnographic analyses indicate
that out of 300 anthropological societies,
81% considered as desirable and attractive
a woman whose characteristics included
being ‘‘plump’’ or ‘‘filled out’’ (Brown and
Konner, 1987). Because fatness was the
primary criterion of beauty, traditional mar-
riage preparation of Nigerian girls included
up to 2 years of seclusion in ‘‘fattening huts’’
(Malcom, 1925). Similarly, among the
Havasupai of the American Southwest and
the Tarahumara of northern Mexico, fat
thighs and legs were considered essential to
beauty (Smithson, 1959; Bennett and Zingg,
1935). Even among contemporary popula-
tions such as the Kipsigis from Kenya, fatter
brides (as well as early-maturing brides)
demand significantly higher bridewealth
payments than do their leaner, late-bloom-
ing peers (Borgerhoff, 1988). In males from
theMassas, increased fatness is also associated
with prestige. The Massas from northern
Cameroon frequently participate in the ‘‘Guru
Walla’’ fattening tradition aimed at prestige
acquisition, which includes a 2-month over-
feeding representing twice or threefold the
habitual daily intake (De Garine and Koppert,
1991; Pasquet et al., 1992).
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In economically modernized societies, as
shown by the paintings of the ‘‘Madona’’ of
Goya (1746–1828), the ‘‘Joy of Life’’ of
Matisse (1869–1954), ‘‘Mother and Child’’ of
Picasso (1881–1974), etc., fatness in women
and children was considered attractive.
Prior to the eradication of tuberculosis, fat-
ness was considered an indicator of good
health in the United States and fat babies
were usually considered healthy. It is only in
the last few decades that fat has not been
viewed as desirable in the US. However, in
many other populations the term fat is still
used in a positive form and may be inter-
preted as a sign of health and prosperity. In
fact, the term ‘‘fat cat,’’ which is associated
with wealth and power, is said to be a vestige
of the idea that fatness is associated with
success (Schwartz, 1986). Similarly, studies
of Puerto Ricans in the US indicate that
being fat does not have the social stigma of
obesity given in other populations (Massara,
1989). For this reason, Mexican-Americans
use the term ‘‘gordura mala’’ (bad fatness)
when describing fatness that is associated
with a negative health risk (Ritenbaugh,
1982). The San Antonio Heart study
(Haffner et al., 1991; Hazuda et al., 1988)
and analyses of the anthropometric data of
the Hispanic Health and Nutritional
Examination Survey (Pawson et al., 1991)
indicate that among Mexican-Americans
the maintenance of traditional cultural
values was associated with an increase in
the incidence of obesity. These findings
suggest that levels of fatness in Mexican-
Americans, especially women, may reflect
cultural preferences toward fatness.
In a previous publication we studied the
parent and offspring similarities and differ-
ences in body fat of Mexican-American sub-
jects derived from the 1982–1984 data from
the Hispanic Health and Nutrition
Examination Survey (HHANES). Results of
this study showed that heavier parents had
heavier and fatter children than lean par-
ents. The association between parental
heaviness and offspring fatness was greater
for mothers than for fathers. When only one
parent was obese, the offspring of heavy
mothers were two times more likely to
become fat than were the offspring of heavy
fathers. Thus, parental obesity more than
doubles the risk of obesity in children
(Table 2, Fig. 5). Hence, the shared environ-
ment is an important contributor to the
development of obesity.
Analysis of the datasets of the third
National Health and Nutrition Examin-
ation (NHANES III) survey of 1988–1994
indicate that the dietary energy intake of
Mexican-Americans is not higher than
those of the other ethnic groups in the
United States (Crespo et al., 2001). On the
other hand, physical inactivity during leis-
ure time is more prevalent among the
Mexican-Americans than the other ethnic
groups (Crespo et al., 2001). Specifically, this
study showed that: 1) the prevalence of
obesity is greater among children who watch
4 or more hours of television a day; 2) girls
report engaging in less physical activity
than boys; and 3) Mexican-Americans par-
ticipated less frequently in physical activity
than non-Hispanic whites. The observed
high association between parental fatness
and fatness in children indicates that the
influence of shared environmental factors
that occur within Mexican-American
families rather than genes (Frisancho et al.,
2001) is an important contributor to the
development of obesity.
TABLE 2. Comparison of the frequency (%) and relative risk (RR) of offspring becoming fat according
to their mother’s or father’s body mass index category of Mexican-Americans
Offspring fatness defined by
By body mass index BMI (%) Sum of 2 skinfolds (%) Sum of 4 skinfolds (%)
Obese mother 30.5 28.7 27.8
Obese father 14.6 13.7 13.7
Relative of risk of becoming fat offspring (RR) 2.1 2.1 2.1
Lean mother 6.0 6.6 6.2
Lean father 7.5 7.3 7.6
Relative of risk of becoming fat offspring (RR) 0.8 0.9 0.8
Derived from the datasets of Hispanic Health Examination Survey of 1982–1984 (HHANES). Adapted from Frisancho et al., 2001.
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SUMMARY
In the developed nations, conspicuous
changes in the environment and lifestyle
have resulted in increased consumption of
food rich in fat, which has been attributed
to the escalating rates of obesity. In the
developing nations there has also been an
Fig. 5. Comparison of body mass index and sum of two and four skinfold thickness by the body mass index category of
the parents of Mexican-Americans. When the mother is heavy (defined by high BMI) the Z scores for BMI and skinfold
thickness of the offspringwere significantly greater than when the father was heavy. Adapted from: Frisancho et al., 2001.
Fig. 6. Schematization of the etiology of obesity in the developed and developing nations.
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increase in the availability of food rich in
fat, but the fact that the prevalence of
obesity coexists with chronic undernutrition
calls for an additional explanation. As sche-
matized in Figure 6, exposure to chronic
undernutrition during growth and develop-
ment results in the reduction of fat oxidation
and increased metabolism of carbohydrate.
This shift towards a preferential metabolic
use of carbohydrate rather than of fat results
in an increased deposition of body fat, which
along with the general decrease of energy
expenditure in physical activity associated
with urbanization, and the culturally medi-
ated acceptance of fatness, leads to obesity
among populations from the developing
nations. The joint effect of these factors is
that in the developing nations obesity is
associated with short stature resulting from
developmental undernutrition. On the other
hand, in the developed countries obesity is
associated with normal stature.
It is hoped that future research will address
the mechanisms whereby undernutrition
increases the tendency toward obesity.
Understanding how to modify fat oxidation
could affect our ability to prevent weight gain
among undernourished populations of the
developing nations. Therefore, future research
on the interaction of undernutrition and the
development of obesity is of prime importance
for anthropology concerned with the origins
of human variability. The fact that obesity
is a negative risk factor for the incidence of
type 2 diabetes (Amos et al., 1997; Zimmet
et al., 2001) means that understanding how
undernutrition during development increases
the risk of obesity during adulthood will also
benefit our understanding of the etiology of
type 2 diabetes, which is becoming a major
public health problem throughout the world.
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